This paper presents the results of theoretical and experimental research of the new unmovable detection unit of the thermal neutron flux in the source range of the reactor. The design features and the main parameters of this unit are also shown.
Introduction
At start-up of the reactor and the refueling during the planned stops there are used a highly sensitive detecting device (DD), on the basis of gas-discharge counters. To control the flux density of thermal neutrons at the plant, before the start of the PWR reactor, it is used detection units (DU) with corona counters of SNM-11, the application of which is caused to the relatively high sensitivity, but they have performance limitations, i. e. in case of power increase the unit required to be moved within the channel of ionization chamber (IK channel) in the region of the weakening of the neutron flux [1] , [2] .
In this regard, it is necessary to improve technical and operational parameters of equipment of neutron flux monitoring, specifically to modernize in the design of the moveable detecting unit with a soft cable-KAGE, which is susceptible to degradation in the neutron flux and frays because of frequent movements. 
Determination of main parameters of unmovable detection unit
Before performing of development works was carried out theoretical and experimental research to identify the main technical parameters unmovable DU [3] , [4] , [5] , based on the requirements of the technical specifications [6] for the radiation and temperature requirements in the course of which was determined as the optimal design solution, namely:
• choice of housing material and composite parts DU;
• cable, for signal transmission from the DU to the inverter;
• the number of detectors of the density of thermal neutron flux in the design of DU.
For the experimental work was designed experienced DU in a portable version, allowing the experiment to change the amount of counters, their position in the database, use aluminum shell or stainless steel. Such an embodiment of DU provided the opportunity to conduct a comprehensive analysis of the influence of noise parameters, the effects of mutual shielding of counters, determining the dependence of the sensitivity of the DU of the number of counters.
The dependence of the sensitivity of the detection unit of the number of counters is shown in Figure 1 . The results of the research showed that the increase in the number of counters in the design of DU with five to seven leads to a minor increase in sensitivity, and the levels of discrimination from 350 mV to 450 mV to a slight decrease.
The experimental results show that the best sensitivity DU is reached with five counters in the sensor design, which corresponds to the theoretical calculations.
After analyzing the data, was developed by the second detection unit in the monolith version with the optimal number of counters that provide maximum sensitivity of DU at the set temperature and radiation parameters.
Unmovable DU was developed on the basis of radiation-resistant modification of corona counters of neutrons similar to the neutron counters of the type SNM-11 ОД0.339.070 ТУ [7] . DU intended for registration of thermal neutrons. The sensitivity of DU to thermal neutrons in the energy range from 0.025 to 0.5 eV is of 4.0±1.0 cm 2 (the number of pulses within 1 s under the influence of the neutron flux density 1.0
Structurally, the DU consists of a housing 1, made in the form of thin-walled stainless steel cylinder, inside which is located the neutron counters 5. The housing is separated from the counters with insulators, which eliminates the influence of external factors on the signal. One of the end surfaces connected to the heat-resistant type cables KNMMS 2 [8] . The DU connects to the conversion unit 3 through an RF connector SR 4. The design of DU non-separable and watertight, thermo -and radiation-resistant.
And, therefore, there is no need to move DU in the channel IK in the process of operation (up to the operating position prior to refueling and back down into position with a minimum of neutron flux density after the completion of refueling).
Factors influence on the sensitivity of the DU
Consider the factors that can affect the sensitivity of unmovable DU 
Mutual shielding of counters in the design of DU
Was estimated the change in the sensitivity of DU on the basis of the number of interactions of neutrons with atoms of boron-10 per unit surface area [9] . The calculations are made without taking into account the influence of factors affecting the sensitivity (noise, quality of boron-10 in the counter and the absorption of thermal neutron flux).
The calculation was performed based on the spatial location of the counters inside the volume of DU.
Starting with the three counters in the design of the DU when they are located closely, the effect of mutual shielding is appears, which affects the sensitivity of the DU. Therefore, the optimal number of counters that will provide the maximum number of interactions of flux of thermal neutrons with atoms of boron-10, and, consequently, optimum sensitivity, was chosen to be five at the posted position.
The calculations confirmed the correctness of the choice of the number of counters in the design unmovable DU.
Influence of noise parameters
In Figure 6 for example given the output signal of linear output of the pulse amplifier of neutrons and noise of corona discharge counters of SNM-11.
The waveforms show that the output signal consists of pulses of noise meter (noise corona discharge) and pulses from the interaction of the neutrons with atoms of boron-10. And in order for information to be reliable it is necessary to exclude the noise component. This is achieved by setting the discrimination threshold above the noise level.
In research of the sensitivity of the new detection unit was measured not only the counting parameters, the number of pulses per unit time, but also the noise parameters [10] .
The results showed that the optimum combination of the parameters of the accountthe noise has the DU with 5 counters. Because the values of the sensitivities of DU with 5-th and 7-th counters vary slightly, and for some values of the discrimination threshold is better, and the values of noise components in 7 counters make a significant contribution to the output signal. Thus, when the selected number of counters is 5, the working voltage at which the noise component does not influence the sensitivity of DU is 400 mV.
Sensitivity to gamma radiation
According to the requirements of ТУ and ТЗ at the NFME [6] for the detection unit should be resistant to background gamma radiation at the dose of 1.0 · 10 2 G · h −1 .
To comply with this requirement were conducted the tests.
The tests were carried out on the installation of the GUT 200M, RRC "Kurchatov
Institute" under normal conditions in accordance with GOST 15150-69.
The position of the accommodation DU inside the irradiation chamber of the GUT selected according to the certificate of attestation in place with the power absorbed in the air dose rate of gamma radiation > 10 2 Gy · h −1 .
The test results are positive, DU is resistant to background gamma radiation at the dose of 1.0 · 10 2 G · h −1 , and meets the requirements of ТУ and ТЗ, the background frequency of the pulses does not exceed 0.1 s −1 .
The influence of neutron fluence on the sensitivity of the
To assess the influence of neutron fluence on the sensitivity of the DU was developed, agreed and approved the program for the installation of a prototype DU in the channel IR № 12 unit № 4 of Novovoronezh NPP and test its performance [11] . Measurement of the first sub-stage was carried out at Nnom = 95%.
Second, third, fourth at Nnom = 100%.
Fifth at Nnom = 0%.
Dimension, each sub-stage was conducted by the same method as the measurement of the first stage.
The results of the measurements are presented in Figure 7 .
Measurements of the second stage showed that the DU, after finding in the channel IR working reactor for 12 months, maintains their efficiency. I e the sensor is in good condition, since the slope of the discriminative curves on a running reactor, Nnom = 95% and Nnom = 100%, comparable with the slope of the discriminatory curves taken before the start of the reactor and in the laboratory.
To assess the change in the sensitivity DU on the working reactor is not possible, because of the uneven distribution of neutron flux at the reactor. The rating change can to 2.0 • 10 3 cm −2 • s −1 not more than 25% at a confidence level 0,95 [12] , [13] , [14] .
Conclusion
Shown in this work the calculations and measurements lead to the following conclusions:
• Confirmed the theoretical evaluation of the change in the sensitivity of DU under the action of neutron fluence.
• Endurance tests confirm the correctness of the choice of structural materials and construction in general;
• The results of endurance tests as well as mechanical and climatic test confirmed the thermal and radiation resistance unmovable DU;
• New unmovable detection unit matches to all necessary technical and operational requirements set in the technical task.
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